Abstract. In this work, the surface of Q235 steels was treated by air plasma to improve the adhesion between epoxy coatings and Q235 steels. The epoxy coatings were prepared through the electrostatic spraying. The disbonding test was used to characterized the adhesion strength of epoxy coatings. Meanwhile, the chemical and physical properties of Q235 steels matrix surface before and after treatment were investigated using XPS, AFM and FTIR. The results showed that both the surface roughness and surface free energy of Q235 steels have an obvious increase after the air plasma treatment. In addition, some polar groups were introduced on the surface of matrix. The adhesion strength of epoxy coatings was enhanced from 1.67±0.48MPa to 4.25±0.58MPa.
Introduction
In this paper a new optimal design of soccer robot control system which is based on mechanical analyses and calculations on the pressure and transmutation states of chip kick mechanics, this new control system with high precision for speed control and high dynamic quality. Due to excellent mechanical properties and high corrosion resistance, the epoxy coating was wildly applied to petroleum pipelines, ships and other devices surface to prevent them from being corroded [1, 2] . However, local shedding were often occurred due to poor adhesion, which weakened the protective ability of coatings on steel [3, 4] . In serious cases, corrosion occurred on metallic substrate [5, 6] . Currently, Sand blast is the common method for surface treatment to improve the roughness of matrix surface and thus enhance the adhesion strength between coatings and matrix [7] . As we all known that the sand blast improves the adhesion strength only by improving the physical bonding of the adhesion. Air plasma treatment has easy operation and wide ranges of raw materials [8, 9] . In addition, during air plasma treatment, large amounts of oxygen, nitrogen active groups will be produced. Those active groups with high energy can enhance the surfactivity and surface free energy of substrates, in turn, raise the adhesion strength between epoxy coatings and metal matrix. In this work, the surface of Q235 steels was treated by air plasma and epoxy coatings were prepared by electrostatic spraying. This work can provide a reference for further experimental research and application.
The epoxy coatings were prepared on the steel matrix by A NewKCl-CU801 electrostatic spraying equipment, and parameters were set like this: pressure of compressed air was 0.4-0.7 MPa; the voltage was 50-60 KV; the distance between spray gun and specimen was 100-50 mm.
Disbonding test
In this test, Q235 steel wire with a diameter of 2 mm was chosen as the matrix, then cut into sections with 6 cm in length. For each section, coatings with 5 cm lengths was prepared on it. A XWW-20A universal testing machine was used to test adhesion strength. The displacement rate was 2 mm/min. Figure 1 is the installation diagram of disbonding test. As the Figure 1 shows, the steel wire with 5 cm lengths coatings was loaded through a corresponding round hole of steel sheet to induce a shear between coatings and the steel. The diameter of this hole is 2+0.02 mm. The load increased until coatings was completely exfoliated, and the maximum value F was determined simultaneously. The adhesion of coatings can be calculated, according to the following equation:
σ=F/A (1) Where A is the area of coatings (mm 2 ). F is the maximum value for disbonding (N). σ is the adhesion strength between coatings and steel matrix. 20 specimens were tested for each treated sample, then, the averages were obtained. Each specimen repeated 20 times. 
Surface free energy
An optical contact angle measuring device was used to test the contact angles of Q235 steels to calculate surface free energy. Testing liquids were water (polar solvent) and diiodomethane (non-polar solvent). The surface tension components of testing liquids are shown in Table 1 . The equations of surface free energy are listed as follow:
Where θ is the contact angles between steel and liquid, L γ , 
FTIR
A FTIR-8400S fourier transform infrared was used to measure the organic groups on Q235 steel surface at room temperature. The Q235 steel powder before and after treatment was mixed with KBr in the weight ratio of 1:100. Then, the mixture was pressed to a thin sheet under 80 MPa for 2-5 min. The scan range was 0-4000cm -1 .
XPS
Chemical bonding states of the fiber surface were investigated by X-ray photoelectron spectroscopy (XPS, AXISULTRA, Kratos, UK). XPS spectras were obtained with monochromatic Al K α (1486.71 eV) line at a power of 100 W (10 mA, 10 KV) with the vacuum about 10-8 Torr.. The charge neutralizer was used to compensate for surface charge effects, and binding energies were calibrated using the C1s hydrocarbon peak at 285eV.
AFM
Atomic force microscopy (AFM, Dimension Icon) was used to observe and test the surface morphology and roughness of Q235 steel. The images with a 10μm×10μm scan area were obtained under tapping mode. Steel surface roughness was characterized by arithmetic mean roughness (Ra). Table 2 is adhesion strengths between epoxy coatings and Q235 steels. The adhesion strength of the control sample was only 1.67±0.48 MPa. After 2 min air plasma treatment, the adhesion strength was raised to 4.25±0.58MPa, which was 1.75 times than that of the non-treatment. The results indicated that air plasma treatment can effectively enhance the adhesion strength between epoxy coatings and metal matrix. There are several reasons for this phenomenon. First, the grease stains and dirt on steel surface can be removed by air plasma, which makes the surface cleaner than that of the untreated. Secondly, after air plasma treatment, the roughness of steel surface was improved through the slight etching. An increasing in the roughness results in more contact area and more mechanical interlocking between coatings and Q235 steels. Moreover, the large amounts of oxygen, nitrogen active groups were introduced on steel surface to improve the chemical active. All in all, the adhesion strengths between epoxy coatings and Q235 steel can be increased due to above reasons. Figure 2 is the surface morphology of steel surface before and after treatment. Table 3 shows the surface roughness of steel. As shown in Figure 2 , there was nothing except some neat scratches on surface of the control specimen. After air plasma treatment, a few small bulges were observed on steel surface. Meanwhile, the roughness of the treated steel was 37.71±1.11 nm, double times than that of the untreated steel (18.03±1.38 nm). This indicates that air plasma treatment can effectively improve the surface roughness to increase the adhesion between coatings and steel matrix. 
Results and discussion

The adhesion
AFM
FTIR
The FTIR spectras of the Q235 steel powder before and after treated were shown in Figure 3 . Compared with the spectra of the steel untreated, there was a wide peak appeared at 3641-3324cm -1 of the steel after treated, which referred to the -OH group. The peaks at 1640cm -1 and 1600cm -1
(N-H group) were also increased after treated. It shows that after air plasma treatment, some polar groups, -OH and -NH 2 , were successful introduced on steel surface, making the adhesion strength improved. Figure 3 . FT-IR spectra of Q235 steel. Figure 4 is the XPS survey spectra of Q235 steel before and after treated. What can be seen from Figure 4 that there is few changes in the content of surface chemical element after air plasma treatment. Figure 5 shows the Fe2p (705-715 eV) high-resolution spectra of Q235 steel. The content of the functional groups was listed in Table 4 . Based on test results of adhesion strength and above conclusions, it indicates that the generated iron oxide Fe 2 O 3 and FeOOH by air plasma treatment on the matrix surface can improve adhesion between coatings and metal matrix, and FOOH makes more contribution to improve coatings adhesion than Fe 2 O 3 . It is because that FeOOH has a higher content of -OH group on its surface, and forming more chemical bonds between coatings and metal matrix. Table 5 shows the calculation results of the surface free energy. The total surface free energy of the untreated steel was 41.25 mJ/m 2 . While the polar and dispersive component of surface free energy were 19.14 mJ/m 2 and 22.11 mJ/m 2 , respectively. The ration of the polar and dispersive component was 0.87. After air plasma treatment, the total surface free energy was increased to 47.15 mJ/m 2 , 14.3 % higher than that of the control. The ration of the polar and dispersive component was increased to 0.97, 11.5% higher than that of the control. This is due to the fact that the air plasma treatment enhances the surface roughness and introduces some polar groups on steel surface. 
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Conclusions
In this work, Q235 steel was treated by the air plasma for 2 min at room temperature. After treatment, the roughness of the steel surface was improved from 18.03±1.38 nm to 37.71±1.11 nm through the slight etching. Polar groups, -OH and -NH2, were introduced on steel surface. Meanwhile, some FeOOH, with higher content of -OH group was generated on steel surface, forming more chemical bonds between the coating and metal matrix. In addition, the total surface free energy of Q235 steel was increased from 41.25 mJ/m2 to 47.15 mJ/m2. Base on the above changes in chemical and physical properties of the matrix surface, the adhesion strength between coatings and matrix was increased from 1.67±0.48 MPa to 4.25±0.58 Mpa. It shows that the adhesion strength between epoxy coatings and Q235 steel can be effectively improved by the air plasma treatment.
